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(54) Surface mounted power transistor with heat sink 



(57) A surface mounted power transistor is provided 
With a heat sink by positioning a mounting plate of a heat 
sink between the power transistor and a solder pad on 
the circuit board. The mounting plate of the heat sink is 
provided with a plurality of openings through which the 
solder of the solder pad flows during the solder reflow 



process so that the mounting plate is securely adhered 
between the power transistor and the circuit board. The 
mounting plate of the heat sink is connected thermally 
to an extension member which extends generally per- 
pendicularto the mounting plate, the extension member 
in turn being connected to a heat dissipation surface 
which may be one or several fins. 
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Description 

[0001] The present invention relates generally to a 
method and apparatus for mounting a heat sink on a 
heat producing electrical circuit component. 
[0002] Heat producing components such as field ef- 
fect transistors often require heat sinks to carry away 
the thermal energy produced by the component. To in- 
crease the heat dissipation of the heat sink by position- 
ing the heat sink in an airflow, typical mounting arrange- 
ments for these heat producing components include 
providing a finned heat sink that is elevated off a mount- 
ing surface or circuit board to which the combined heat 
sink/component is mounted, and the heat producing 
component itself is typically mounted on the elevated 
surface of the heat sink instead of directly on the mount- 
ing surface. For field effect power transistors, the tran- 
sistor may instead be mounted in a vertical orientation 
on a circuit board with the heat sink mounted to one side 
of the transistor, thereby positioning the heat sink in an 
air flow. In another arrangement, the field effect transis- 
tor is mounted horizontally on the circuit board or mount- 
ing surface and a heat sink is mounted on the opposite 
surface of the field effect transistor to position the heat 
sink in the air flow or the heat sink is mounted on an 
opposite surface of the circuit board from the field effect 
transistor. 

[0003] Each of these methods for mounting a heat 
sink to a heat producing component requires a separate 
mounting step for the mounting of the heat sink from the 
step mounting the component, each requires a separate 
affixing location for the heat sink and the component, 
and each results in a relatively high profile structure. 
[0004] Viewed from a first aspect, the present inven- 
tion provides a heat sink for a surface mountable heat 
producing component which affixes the surface mount- 
able component to the circuit board and the heat sink to 
the surface mountable component in a single step. In 
another aspect, it provides a low profile heat sink. A fur- 
ther aspect provides a heat sink having a small footprint 
occupying a minimum area on a mounting surface. 
Viewed from a yet further aspect, the invention minimis- 
es space interference between the heat sink and other 
components to be mounted on the mounting surface. 
Still another aspect of the invention is to provide a sur- 
face mountable heat sink. 

[0005] An embodiment of the invention provides the 
advantage of eliminating the need for a separate mount- 
ing step of a heat sink while permitting low profile sur- 
face mounting of the heat producing component, all 
without requiring mounting holes through the circuit 
board. An embodiments of the present invention may 
also provide a low profile heat sink, enabling more com- 
pact circuits to be produced with tighter clearances be- 
tween adjacent circuit boards, for example. An embod- 
iment of the present invention may also reduce or elim- 
inate the speed for multiple affixing locations by requir- 
ing application of solder only to a single surface for 



mounting of the component to a circuit board and for 
mounting of the heat sink. 

[0006] These and other aspect and advantages of the 
invention may be embodied by a heat sink having a 

5 mounting place which extends between a mounting sur- 
face of the heat producing component and the circuit 
board on which the component is to be mounted. The 
mounting plate of the heat sink is provided with solder 
conducting openings which pass through the plate. A 

10 solder pad is formed on the circuit board or on the heat 
producing component and the mounting pad is posi- 
tioned against the solder pad so that during a solder re- 
flow process, the liquid solder flows through the solder 
conducting openings to solder the mounting plate of the 

15 heat sink to the circuit board and to solder the heat pro- 
ducting component to the mounting plate of the heat 
sink. 

[0007] The mounting plate of the heat sink is thermally 
connected to a heat dissipating element. The heat dis- 

20 sipating element may be a traditional finned heat sink 
structure. However, various preferred embodiments of 
the invention provide heat dissipating elements which 
present a low profile. In particular, the heat dissipating 
element in each of the preferred embodiments extends 

25 substantially parallel to the circuit board on which the 
component is mounted, and so provide a low profile for 
the component and heat sink combination from the sur- 
face of the circuit board. Miniaturization of the circuit is 
thereby facilitated. 

30 [0008] For purposes of embodiments of the present 
invention, the term heat producing component relates 
to any component to be cooled, and references to circuit 
boards or mounting locations refer to any location or sur- 
face at which the component is to be mounted. 

35 [0009] Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
accompanying drawings, in which: 

Figure 1 is an exploded perspective view of a power 
40 transistor for surface mounting on a circuit board 
between which is provided the mounting plate of the 
present heat sink; 

Figure 2 is a perspective view of a first embodiment 
of the present heat sink according to the principles 

45 of the present invention: 

Figure 3 is a perspective view of a second embod- 
iment of the present heat sink; 
Figure 4 is a perspective view of a third embodiment 
of the heat sink of the invention; and 

50 Figure 5 is a perspective view of a fourth embodi- 
ment. 

[0010] In Figure 1 , a power transistor 10 has a hous- 
ing 12 and three surface mount leads 14 extending from 
55 the housing 1 2. The power transistor 1 0 is a field effect 
transistor (FET), although for purposes of the embodi- 
ments of the present invention it may be any heat pro- 
ducing component or component to be cooled. The pow- 
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er transistor 10 is to be mounted on a circuit board 16. 
In the illustration, the power transistor 1 0 is to be surface 
mounted onto the circuit board 16 by soldering of the 
transistor lends 14 onto solder pads 18 on the circuit 
board. The solder pads 18 are connected by surface 
leads or lands 20 to other components (not shown) on 
the circuit board 1 6 which together with the power tran- 
sistor form an electrical circuit. The power transistor 10 
is to be surface mounted, so that it is mounted flat, lying 
substantially parallel to the circuit board 16. Not only 
does this facilitate the surface mounting of the transistor 
leads 14, but it also provides a lower clearance for the 
component above the circuit board 1 6 to facilitate mini- 
aturization of the electronic device in which the compo- 
nent is used. The power transistor 10 has a metal plate 
15 on its mounting surface, and the metal plate 15 has 
a tab 17 extending from the housing along one edge 
thereof. In the illustration, the tab 17 extends from the 
edge opposite the leads 1 4, although it may extend from 
another edge. 

[0011] In an embodiment of the present invention, a 
mounting plate 22 is positioned between the circuit 
board 16 and the power transistor 10. In the illustrated 
embodiment, the mounting plate 2 has the same profile 
shape as the mounting surface of the power transistor 
housing 12. Specifically, the mounting plate 22 has the 
same shape at the metal plate 15. The mounting plate 
22 has a plurality of openings 24 that, in the illustrated 
example, are in a regular arrangement in the mounting 
plate. 

[001 2] A vertical portion or extension 28 extends per- 
pendicularly from the mounting plate 22. The extension 
28 has a channel 27 that is formed to accept the tab 1 7. 
The tab 1 7 of the power transistor 1 0 is inserted into the 
channel 27 and the channel 27 is crimped closed to hold 
<the transistor 10 in position until completion of the 
mounting process. This crimping of the channel 27 on 
the tab 1 7 is referred to as a pre-mounting of the power 
transistor to the mounting plate 22. 
[0013] The extension 28 extends to a heat dissipation 
element (see Figure 2, for example) which may be any 
configuration capable of dissipating the heat generated 
by the power transistor 1 0 during its operation. For ex- 
ample, the heat dissipation element may be a traditional 
finned structure. Other shapes are possible as well. The 
mounting plate 22 and the extension 28 along with the 
heat dissipation element are of a thermally conductive 
material, such as copper. It is preferred that the mount- 
ing pad and heat dissipation element be shaped so that 
they may be formed by extrusion. 
[0014] On the surface of the circuit board 1 6 is a sol- 
der pad 26 for soldering the mounting pad 22 and power 
transistor 1 0 to the circuit board 1 6. Although the solder 
pad 26 may be generally of the same surface area and 
dimensions of the mounting plate 22, it is preferably 
slightly larger in area than the mounting pad 22 so as to 
increase the quantity of solder in the solder pad 26. The 
solder pad 26 may instead or in addition be thicker than 



is required to solder only the power transistor 10 in 
place. 

[0015] A ground connection for the power transistor 
1 0 is provided by a ground lead 29 that is on the surface 
5 of the circuit board 1 6 and which extends under the sol- 
der pad 26. 

[0016] During assembly, the circuit board 16 is pre- 
pared by forming the circuit leads 20 and the ground 
lead 29 at their respective locations for connection into 

10 the electrical circuit. The solder pads 18 and the large 
solder pad 26 is also formed on the circuit board 1 6. Sol- 
der is printed onto the circuit board 1 6 according to the 
known solder application techniques. For example, a 
mask having openings for the solder pads 18 and 26 is 

15 positioned over the circuit board 16. A squeegee or a 
doctor blade is used to spread the solder material evenly 
and with a uniformly flat surface. The mask has an open- 
ing larger than the mounting plate 22 to form the solder 
pad 26 in a slightly larger area than the mounting plate 

20 22. Alternately, by shaping the mask to be thicker in the 
region of the solder pad 26, a thicker application of sol- 
der at the solder pad 26 is accomplished as a way to 
increase the quantity of solder in the solder pad 26. 
[0017] After the circuit board structures have been 

25 formed, the mounting plate 22 with the power transistor 
1 0 crimped in the channel 27 to retain the two in position 
is placed atop the solder pad 26. The transistor leads 
1 4 are aligned with and positioned atop the circuit solder 
pads 16. Following the positioning step, a solder reflow 

30 process is undertaken by heating the components and 
the circuit board, such as in an oven. The solder pad 26 
liquifies and some of the solder from the pad flows 
through the openings 24 to the mounting surface at the 
metal plate 1 5 at the underside of the power transistor 

35 10 and some of the solder remains between the circuit 
board 1 6 and the mounting plate 22, so that when cooled 
the solder affixes the power transistor 10 to the mount- 
ing plate 22 which is in turn affixed to the circuit board 
1 6 by the solder. Since some of the solder of the solder 

40 pad is sucked up through the openings 24, the solder 
pad whish is slightly larger than the mounting plate pro- 
vides the extra quantity of solder needed. 
[001 8] The transistor leads 1 4 are also soldered to the 
circuit solder pads 1 8 during this solder reflow process. 

45 Any other solder connections for other components on 
the circuit board are formed simultaneously during this 
reflow step. Thus, the mounting of the power transistor 
10 to the circuit board 16 for electrical operation simul- 
taneously mounts the mounting plate 22 of the heat dis- 

50 sipation sink in place. 

[0019] In the preferred embodiment, the mounting 
plate 22 and its associated heat dissipation element are 
of copper and the solder conducting openings 24 are 
generally of 0.040 inches in diameter. This size opening 

55 has been found to readily conduct the liquified solder 
through the mounting plate 22 to the transistor surface 
during the reflow process. Other sizes of solder conduct- 
ing openings 24 are contemplated as needed for solder 
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or adhesive materials of different viscosities. An adhe- 
sive, such as a thermally activated adhesive material 
may be provided in place of the solder pad 26. The sol- 
der conducting openings 24 are arranged in a grid ar- 
rangement. The openings may be in some other ar- 5 
rangement, including staggered rows, for example. The 
openings 24 are circular bores but may be slots, chan- 
nels, or other shapes as desired. 
[0020] Only a single reflow operation need be per- 
formed to mount and bond all components together in 
a single step. The resulting assembly is of a low profile 
and a small size, and assembly is rapid since separate 
fastening steps are eliminated. The size of the mounting 
plate 22 and the solder pad 26 there underneath can be 
configured to conform to any transistor or other heat 
generating component requiring cooling. 
[0021] In' Figure 2 is shown an illustration of a hear 
conducting element 30 which extends from the vertical 
extension 28 to a position generally parallel to and over- 
lying the mounting plate 22. The heat dissipation ele- 
ment 30 is spaced from and lying over the power tran- 
sistor 10 when in place so that the resulting heat sink 
assembly occupies no greater surface area of the circuit 
board than the power transistor itself and only slightly 
more height from the circuit board 1 6 than the transistor 
alone. The heat dissipating element 30 is a plate formed 
by bending a sheet of thermally conductive material at 
two parallel lines into a generally "U" shape, one leg of 
the "U" being the mounting plate 22 with openings 24. 
The heat dissipating element 30 is approximately the 
same size as the mounting plate 22 as seen in Figure 
2, although other sizes of the heat conducting element 
30 are also contemplated. To obtain sufficient heat dis- 
sipation surface for most applications, the heat dissipat- 
ing element is at least as large as the transistor 10. 
[0022] An alternative embodiment of the heat sink is 
shown in Figure 3 wherein a hear dissipation element 
32 is provided over and generally parallel to the mount- 
ing pad 22 but extending to a greater length in a trans- 
verse direction than the embodiment of Figure 2. The 
heat sink of Figure 3 provides a greater thermal dissi- 
pation surface than the embodiment of Figure 2. How- 
ever, the element 32 has lateral extensions 33 that may 
interfere with some circuit arrangements. 
[0023] Should the circuit components on the circuit 
board 16 require a heat dissipation element arranged 
differently then shown in Figure 3, an alternative ar- 
rangement of the heat dissipation element 34 is shown 
in Figure 4 wherein the heat dissipation element 34 is 
bent in a direction opposite that shown in Figure 3 so 
that from a side view the device has a Z-shape. The el- 
ement 34 has lateral extensions 35 at each end. The 
heat dissipation element 34 and extensions 35 extend 
over a region of the circuit board 16 at a position adja- 
cent one side of the transistor or other element 1 0. Some 
circuit board arrangements may better utilize the em- 
bodiment of Figure 4 rather than Figure 3, or visa versa. 
Both are formed from the same blank by bending in a 



different direction. 

[0024] in the embodiments of Figures 3 and 4, the ex- 
tended portions 33 and 35 of the heat dissipation ele- 
ments 32 and 34 are in a traverse direction relative to 
the vertical extension 28 from the power transistor. 
Should the components on the circuit board onto which 
the device is mounted lack clearance for such trans- 
verse extensions, a sink heat as shown in Figure 5 may 
be provided. In the embodiment of Figure 5, an extend- 
ed heat dissipation element 36 extends both over the 
mounting pad 22 and in an opposite direction relative to 
the vertical extension 28. The heat dissipation element 
36 my be formed from a flat blank by bending portions 
back on themselves to achieve the shape of Figure 5. 
The hear sink of Figure 5 is formed alternatively by ex- 
trusion. It may also be formed by stamping and folding 
the sheet material back on itself. 
[0025] The heat sink shown in embodiments of the 
present invention is of a simple construction which may 
be formed from a sheet of thermally conductive material 
such as copper. The embodiments of Figures 2, 3 and 
4 are all formed by merely cutting, drilling and bending 
the sheet without assembly of any further parts. In Fig- 
ure 5, the heat dissipation surface 36 would require an 
assembly step or an extrusion to form this embodiment. 
It is contemplated that many other arrangements of heat 
dissipation elements such as multiple finned surface or 
the like may be provided to carry the heat from the heat 
generating component 10, through the mounting pad 
22, through the vertical extension 28 and to the heat dis- 
sipating element 30 - 36. Heat is, of course, dissipated 
from the pad 22 and extension 28 as well as from the 
component 10 itself. Greater heat dissipation may be 
achieved by heat dissipating elements with a greater 
height from the circuit board. Use of these is acceptable 
if clearance is not an issue. However, for minimum 
height requirements, the illustrated embodiments pro- 
vide heat dissipation with only slightly greater heights 
from the circuit board surface than the surface mount 
transistor alone. 

[0026] The heat dissipating element of the illustrated 
embodiments may be used as an attachment surface 
for more conventional heat sink structures where space 
permits and where heat generation requires it. Such 
conventional heat sink structures include finded struc- 
tures. As an alternative, the traditional heat sink struc- 
ture may be formed integrally with the cop portion of the 
present heat sink. The result is a traditional heat sink 
with the mounting place according to Figure 1 . 
[0027] Thus, there is shown and described a heat sink 
for a surface mounted component and method which 
provides for assembly of the heat sink with the compo- 
nent while mounting the component on the circuit board 
all in one step. The resulting assembly is compact to 
provide for a reduced size for the overall apparatus into 
which it is incorporated. The assembled circuit board, 
heat sink and component assembly is affixed together 
as strong or even more strongly than mounting of the 
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a portion generally parallel to said mounting 
plate and spaced therefrom. 

5. A heat sink assembly as claimed in claim 4, wherein 
5 said portion overlies said mounting plate. 

6. A heat sink assembly as claimed in claim 4 or 5, 
wherein said portion includes lateral extensions. 

10 7. A heat sink assembly as claimed in any one of 
claims 4 to 6, wherein said mounting plate and said 
extension and said portion form a U-shape. 

8. A heat sink assembly as claimed in any one of 
15 claims 4 to 6, wherein said mounting plate and said 

extension and said portion form a Z-shape. 

9. A heat sink assembly as claimed in any preceding 
claim, further comprising: 

20 a channel along an edge of said mounting 

plate, said channel receiving a tab extending from 
said heat generating component. 



component directly on the circuit board. All of these ad- 
vantages are achieved using a single reflow process for 
the assembly. 

[0028] Although other modifications and changes 
may be suggested by those skilled in the art, it is the 
intention of the inventors to embody within the patent 
warranted hereon all changes and modifications as rea- 
sonably and properly come within the scope of their con- 
tribution to the art. 

[0029] The scope of the present disclosure includes 
any novel feature or combination of features disclosed 
therein either explicitly or implicitly or any generalisation 
thereof irrespective of whether or not it relates to the 
claimed invention or mitigates any or all of the problems 
addressed by the present invention. The applicant here- 
by gives notice that new claims may be formulated to 
such features during the prosecution of this application 
or of any such further application derived therefrom. In 
particular, with reference to the appended claims, fea- 
tures from dependent claims may be combined with 
those of the independent claims and features from re- 
spective independent claims may be combined in any 
appropriate manner and not merely in the specific com- 
binations enumerated in the claims. 



Claims 

1 . A heat sink assembly, comprising: 

a circuit board having a mounting pad provided 
with an adhesive material in a mounting region; 
a mounting plate formed of a thermally conduc- 
tive material and defining a plurality of adhesive 
flow openings therethrough, said mounting 
plate having a first major surface being posi- 
tioned on said mounting pad of said circuit 
board; 

a heat dissipation element thermally connected 
to said mounting plate and being spaced from 
said circuit board; and 

a heat generating component mounted on said 
mounting plate at a second major surface op- 
posite said first major surface. 

2. A heat sink assembly as claimed in claim 1 , wherein 
said adhesive material is electrical solder. 

3. A heat sink assembly as claimed in claim 1 , wherein 
said adhesive material is thermal adhesive. 

4. A heat sink assembly as claimed in any preceding 
claim, wherein said heat dissipation element in- 
cludes: 

an extension generally perpendicular to said 
mounting plate in a direction opposite said first 
major surface; and 



1 0. A method for mounting a heat sink with a heat gen- 
25 erating component, comprising the steps of: 

applying a pad of adhesive material to a mount- 
ing region of a circuit board; 
positioning the heat generating component on 
30 a first major surface of a mounting plate of a 

heat sink; 

positioning a second major surface of the 
mounting plate of the heat sink on said pad of 
adhesive material at said mounting region of 
35 said circuit board; and 

liquifying the adhesive material to flow through 
openings in said mounting plate to adhere said 
circuit board and said mounting plate and said 
heat generating component to one another. 

40 

1 1 . A method as claimed in claim 1 0, further comprising 
the step of: 

fastening said heat generating component on said 
first major surface of said mounting plate prior to 
45 said step of positioning said second major surface 
of said mounting plate on said pad of adhesive. 

12. A method as claimed in claim 11 , wherein said step 
of fastening is by crimping a channel on said mount- 

so ing plate onto a tab on said heat generating com- 
ponent. 

13. A heat sink for a surface mounted heat generating 
component, comprising: 

55 

a mounting plate of a generally planer configu- 
ration defining a plurality of openings there- 
through for adhesive flow through said open- 
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ings; 

an extension member extending generally per- 
pendicular to said mounting plate; 
a heat dissipation element to said extension 
member, said heat dissipation element, said 5 
extension surface and said mounting plate be- 
ing thermally conductive. 
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